Abstract. Mechanical harvesting did not cause significant damage to blackcurrants. Redcurrants suffered extensive injuries, which gave rise to dieback. In addition to mechanical injuries, the pathogen Botrytis cinerea Pers. aggravated bieback of the branches, and severely inhibited healing of the wounds. In wounds on both red-and blackcurrants, the commonest fungus was Alternaria tenuis auct. This fungus did not inhibit healing of the wounds, indeed it appeared to reduce the incidence of B. cinerea wound infection. The wounds contained 19 other fungal species and genera of no pathogenic importance. In a colder-than-average autumn, B. cinerea infection was more severe, and dieback during the subsequent season more extensive than usual. A methyl thiophanate application made in a cold autumn after harvesting reduced the incidence of B. cinerea in wounds, and little dieback resulted the following year. In mild autumns maneb and dichlofluanid reduced dieback, too. When the harvesting was followed by a cold autumn, mechanical harvesting reduced the following year's yield compared with hand-picking.
Introduction
In recent years, the cultivation of red-and blackcurrants has expanded rapidly in Finland. Often, the plantations are designed for harvesting with a machine. Mechanical harvesting is something of an innovation, however, and little experience has been obtained from northern areas of cultivation. The first machine designed for commercial production only came onto the British market in 1971, and Finland purchased her first currant harvester in 1975 (Hytönen et ai. 1978) .
In more southern areas of cultivation, practical experience has been obtained in the mechanical harvesting of currants, mainly blackcurrants. The findings of other countries cannot be directly applied to Finnish conditions, since the time from harvesting to termination of the growing season is shorter than, and the habit of growth of northerly adapted varieties as well as their photoperiodic response is different from in England or Denmark. One source of concern is the ease with which fungal infections might arise as a consequence of mechanical harvesting, since fungi have been observed to cause dieback on currant branches in Finland, even without mechanical harvesting (Salonen 1975) .
In 1976, a project sponsored by the Finnish National Fund for Research and Development, on the mechanical harvesting of currants was started, in which the Work Efficiency Association, the University of Helsinki Department of Plant Pathology, the Association of Fruit Growers and three firms of the fruit refining industry have partificated. The aim of the study described below was to define the significance of injuries caused in Finland by mechanical currant harvesters and by the resulting fungal infection, and to determine the efficacy of disease control. As far as we are aware, no investigation of this type has been made previously.
Material and methods
The bushes were picked with a Pattenden Straddle Harvester. Redcurrant trials were made on two farms at Puumala, east Finland, and blackcurrant trials at Pohjankuru, southwest After harvesting, redcurrants var. Rondom and blackcurrants var. Öjebyn (in southwest Finland) were sprayed with the fungicides copper oxychloride (Kupari 2), maneb (Maneba), methyl thiophanate (Topsin M) and dichlofluanid (Euparen) using the concentrations recommended for the control of wound infecting fungi.
Injuries incurred by the bushes were marked with plastic tags at the rate of 60/treatment to facilitate and ensure adequate sampling at a later stage.
After harvesting, injury samples were taken during October, May and July for laboratory studies. The yield for the year following mechanical harvesting was determined on 4 X 5 bushes. In addition, the yield of machinapicked bushes was compared with that of hand-and baton-picked bushes.
The sampling of branches from the bushes must have influenced yields in some measure, and this bias will appear in the yield differences with respect to handpicked bushes. During the second year of the trial, determinations of fungicide residues were made at the State Agricultural Chemistry Department.
In the following season, observational data on dieback were collected. For the estimation of dieback frequency, scores were allocated of 1 for sideshoots, 2 for main shoots, 2 for branches with dieback and 1 for stunted growth-rate.
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Fungi which had infected wounds were transferred to a maize agar medium (Difco) for microscopic identification. The injured branch was surfacesterilised by rinsing with 96 % alcohol. The undamaged surface of the bark was removed both above and below the injury to revael the extent of damage caused by the fungus (Fig. 2) and to allow transfer of a sample to the nutrient medium. In additon, a July sampling was used for stereomictoscopic determination of Botrytis cinerea and Alternaria tenuis, and for the assessment of the healing of wounds on a o-3 scale. A total of 1367 injured samples of blackcurrant and 814 of redcurrant was examined. During the first sampling of the first year of the trial, isolates were made of fungi on the outside of the surface-sterilised wound region.
During the second year of the trial, a pathogenicity test was made on Botrytis cinerea by placing a piece of nutrient medium with the growing fungus on a mechanically injured redcurrant branch. A piece of the nutrient medium only was placed on control branches. After inoculation, the wounds were sealed with tape for two weeks.
After harvesting, temperatures were considerably lower during the first year of the trial than during the second. In east Finland, the temperature fell towards and below zero at the end of September in 1976, but not until mid-November in 1977 (Fig. 6 ). In north Finland sub-zero conditions set in one month after harvesting in both seasons. During the first trial year, rainfall was normal, while the second season was exceptionally wet.
Results

Injury to the hushes
Mechanical harvesting caused more serious injury to redcurrant than to blackcurrant bushes.
On old, unpruned redcurrant bushes, every branch suffered one or more injuries. Mechanical harvesting in three successive years rendered the bushes nearly barren. On younger, 3-4 year old bushes, the injuries appeared as small, grazed areas of bark (Fig. 1a) or as torn sideshoots. Bark injuries were to be found on 30-70 % of the branches (Rondom suffered less damage than Red Dutch).
On blackcurrants, mechanical harvesting caused only slight damage. On average, only I-3 grazing wounds or torn side-shoots appeared on fullygrown, 3 5 year old bushes. Because of its more erect growth, habit and lower degree of branching, the variety Roodknop suffered less damage than Öjebyn.
Fungi infecting the wounds
The fungus most frequently found infecting bark-wounds was Alternaria tenuis auct., which after grows within the bark and into the underlying wood.
This resulted in a darkening of the green part of the stem. A year after in injury, the fungus was seldom to be found within the bark. During the first year of the study, when fungi entering the surface of the wounds were examined, A. tenuis had appeared in nearly every wound by the autumn. Both in redand blackcurrants, this fungus could be observed with a stereomicroscope in every injury examined a year after picking. A. tenuis did not appear to inhibit or prevent the growth of wound callus tissues.
Botrytis cinerea Pers. was found in wounds more frequently in red-than in blackcurrants (Table 1) . In branches infected with this fungus, the green bark of the shoot turned brown the same autumn (Fig. 2 b) . The following summer, conidiophores of the fungus developed, and sometimes sclerotia appeared in the wounds. When the fungus grew within the bark, large clusters of conidiophores broke through the bark (Fig. 4) . The infected bark region swelled strongly during damp weather. In redcurrants, the content of Botrytis cinerea found during the third examination in the first trial year was 60 % in the control (Table 2) . Wounds infected by this fungus healed very slowly compared with other wounds (Fig. 3,  Tables 2 and 3) . B. cinerea could be found in most wounds on dead branches. During the first year, when grey mould was widespread on redcurrants, a methyl thiophanate treatment after harvesting significantly reduced the proportion of fungi in bark wounds (Table 2 ). In branches killed by B. cinerea, Fig. 3 . A normally healed injury and one with poor cambial formation, infected with Botrytis cinerea. 
Dieback of the branches
In blackcurrants, mechanical harvesting did not cause appreciable dieback of the branches. In most cases, the bark layer had been damaged right around the dead branches, which had prevented the transportation of metabolites to the upper parts of the branches, and caused them to dieback. No relation could be found between dieback of the branches and fungi infecting the wounds.
In redcurrants, dieback of the branches was widespread during the summer after mechanical harvesting. There was pronounced variation between seasons.
In the first year of the trial, 39 % of the bark injuries resulted in dieback, and in the second year less than 5%. There was a clear relationship between the dieback of branches and the occurrence of B. cinerea in the wounds (Table 2) . On young, 34 year old bushes the injuries were almost invariably of the type shown in Fig. la, provided the operator of the machine had steered it precisely. Injuries of this type were often infected by B. cinerea. Of injuries infected by the fungus, 68 % resulted in dieback before the following cropping season. Injuries associated with tearing did not result in dieback of the main stem. On young bushes, the bark was generally injured on one side of the stem, so that the ultimate cause of dieback was grey mould, but on old, stiffbranched bushes the injuries were usually so extensive, that entire branches died back partly as a result of mere bark wounds.
There were differences in rates of recovery between different years of the trial. During the first year, callus tissue did not start to form in the wounds until the following season. Only in the blackcurrant variety 'Brödtorp' could callus be found in wounds during the autumn of the injury. In the second trial year, callus had formed during the autumn after harvesting in both currant species. In north Finland, injuries started to heal for the most part during the season after harvesting.
An application of the fungicide methyl thiophanate given after harvesting reduced significantly dieback of the branches during the first trial year (Table  2) . During the second trial year, all fungicide treatments except the copper compound reduced dieback of the branches (Table 4) . The fungicides had little effect on blackcurrants, since there was little dieback even without the fungicide.
Yields and residues
Both in red-and blackcrurrants, mechanical and baton harvesting in the first trial year reduced the next season's yield compared with handpicking (Table 5 ). There was little yield difference during the second trial year (Table 6 ). After application of the Maneb compound, a 1 ppm residue was found in the yield of the following season. The other preparations did not
give rise to residues.
Discussion
In Finland, mechanical harvesting does not cause such extensive damage to blackcurrants that the health of the bushes is affected to any extent. Wounds do not become infected with pathogenic fungi, but generally heal well during the following season at the latest.
In redcurrants the trials demonstrate that mechanical harvesting involves a considerable risk of the bushes being infected. Injuries to old, stiffly branched bushes are frequently so extensive that the branches die back purely as a result of the injuries. In young bushes better suited to mechanical harvesting, the wounds heal readily, provided they do not become infected with grey mould. Some studies indicate that Botrytis cinerea is one of the chief causes of dieback in redcurrants (Schmidle 1958 , Schmidle 1960 , Bondarenko 1967 , Salonen 1975 ).
There exists a very prevalent notion that the fungus Nectria cinnabarina is a common and important cause of dieback in currant bushes (Kotte 1958) . The present trials demonstrate that the injured branches are first invaded by Botrytis cinerea, the agent of dieback, and only subsequently do the branches become secondarily infected by coral fungus. The conidial stage Tuhercularia of Nectria could be isolated from the wounds only very infrequently. This observation agrees with that of Schmidle (1958) (Jarvis 1977) . The raininess of the autumn apparently does not affect susceptibility to infection, as there is enough moisture inside the woody tissues for infection to occur even in dry autumns.
It may be possible to restrict grey mould infection and thus reduce the dieback it causes by spraying with a fungicide after harvesting. In warm autumns, the fungicide treatment appears to delay slightly the onset of infection, which gives the tissues time to heal somewhat and resist infection. In a cold autumn, when the wounds do not have time to heal before the end of the growing season, a non-specific fungicide offers no protection against infection.
Apparently the effects of the fungicide wear off too quickly to prevent the spread of mould. However, when the systemic fungicide methyl thiophanate was applied at a similar time, good control was obtained. The active period of this substance in the wounds is probably no longer than for other substances, though. Wounds on currant stems are almost invariably invaded by AUernaria tenuis, upon which methyl thiophanate has no effect whatever. When a selective fungicide is used, the wounds are infected almost solely by AUernaria tenuis, which prevents grey mould from invading the wounds after the effects of the fungicide have worn off. Nevertheless, for clarificantion of this phenomenon further investigations are needed. A non-pathogenic isolate of an AUernaria sp. reduced drastically the incidence of tobacco brown spot disease caused by A. alternata (Fries) Keisler (Spurr 1977) , which also indicates possibilities of using this fungus in biological control.
